In annual surveys conducted during the period 2012-2015, concentrations of the toxic or essential elements B, Se, Cd, Sn, Cs, Hg, Pb, Al, Cr, Mn, Fe, Ni, Cu, Zn, and As were analyzed in brown meat of edible crab (Cancer pagurus), and filets of cod (Gadus morhua) and halibut (Hippoglossus hippoglossus) in one of the most important commercial crab fishing areas in Norway, at Mausund in Frøya municipality in Sør-Trøndelag, Norway. Concentrations of the elements were analyzed in sediments in 2015. Several salmon farms are located in this area. Samples were extracted by HNO 3 and analyzed using inductively coupled plasma mass spectroscopy (ICP-MS). Crab, cod, and halibut were caught in a total of five locations. One of these locations was in the proximity of a salmon farm. In edible crabs, the mean ranks were significantly different between two locations only for Sn (p = 0.034). When all data were pooled, the mean ranks statistics showed significant difference between all years for the elements Se (p = < 0.001), Cs (p = 0.005), Mn (p = 0.002), Zn (p = 0.006), and As (p = 0.001) in edible crab. The study showed elevated levels of Cd in edible crabs in 2012, 2013, 2014, and 2015, with the highest levels in 2015. In cod, there were significant differences between locations for the elements B (p = 0.003), and Pb (p = 0.04), as well as between the years for the elements B, Sn, Cs, Hg, Cr, and As (p = < 0.01). The study showed elevated level of Pb in cod in 2013. Halibut showed no significant differences between years or locations for any elements. The Cd, Hg, and Pb values of the sediments in this study indicate that local geogenic sources cannot be considered a major cause of high values in local biota.
Introduction
Marine biological resources are becoming increasingly important to meet the demand for food for the increasing human population. Uptake and/or accumulation of toxic elements, such as mercury (Hg), lead (Pb), cadmium (Cd), arsenic (As), and aluminum (Al), and essential elements, such as copper (Cu), zinc (Zn), and iron (Fe), in seafood may, however, compromise human food safety (Pedersen et al. 2014) . Factors that could affect concentrations of elements in the marine ecosystem, include season, climate variability, food web dynamics, local geochemical formations, and local human pollution and long-distance pollution, such as Cd compounds from production processes, and Zn, Cu, and Pb from combustion processes (coal and oil) (European Commission DG Environment 2000) . In recent years, there has been particular focus on Cd, because of concerns about high concentrations of Cd reported in brown meat in edible crab (Cancer pagurus), and questions have been raised on the causes for these high concentrations of Cd (Falk 2014) . There have also been concerns about high concentrations of Cu in sediments near salmon farming cages, where the local pollution can be caused by the use of Cu as an antifouling biocide (Guardiola et al. 2012) .
Results from studies conducted in the vicinity of salmon (Salmo salar) farms on whether the salmon aquaculture are a source of toxic elements or increasing concentrations of, e.g., Cu, in local marine environments, are inconsistent, indicating that there is a knowledge gap in relation to contaminant
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Electronic supplementary material The online version of this article (https://doi.org/10.1007/s11356-017-1000-4) contains supplementary material, which is available to authorized users. exposure relevant for human health. Results from studies in Canada have shown that salmon aquaculture can result in increased levels of several elements in the sediments (Chou et al. 2002 (Chou et al. , 2004 . On the other hand, Bustnes et al. (2011) presented results showing that samples of liver from cod (Gadus morhua) and saithe (Pollachius virens) caught near Norwegian salmon farms, did not provide evidence that farm-associated feral fish had higher levels of elements compared to the controls that were caught at distances > 4000 m from these farms. Arechavala-Lopez et al. (2015) supported the findings of Bustnes et al. (2011) by documenting higher levels of Fe, As, Se, Zn, and B in the livers, and As, B, Li, Hg, and Sr in muscles of wild saithe (Pollachius virens) caught in distances > 2500 m from a salmon farm, than in wild saithe caught in the vicinity of a salmon farm.
Several environmental studies have reported the presence of toxic elements in the tissue of crustaceans and have evaluated the risks of these concentrations in relation to human consumption. Cadmium concentrations in brown meat of edible crabs (Cancer pagurus) harvested along the Scottish coast and the English Channel (Barrento et al. 2009 ), in France (Noël et al. 2011) , and in Norway (Falk 2014) have been reported to be above the concentrations set by the European Food Safety Authority as the current limit for white meat, which is 0.50 mg kg −1 wet weight (w.w.). In brown meat and claw meat from edible crabs sampled at three fish farms located in the counties of Sogn og Fjordane, Møre og Romsdal, and Nord-Trøndelag in Norway, the average concentrations in brown meat were reported to be from 0.86 to 7.82 mg Cd/kg w.w., with the highest concentrations in Sogn og Fjordane and Nord-Trøndelag. The results showed significant variation between individuals within each of the fishfarms (Falk 2014) . The authors argued that this indicated that Cd in the fish feed is not likely to be a significant source. However, it is also possible that this variation is due to that the individuals consumed different amounts of fish feed, or that local currents affected the sediment concentrations of Cd originating from the fish farm.
The aim of this study was to examine whether there were variations in the element concentrations of B, Se, Cd, Sn, Cs, Hg, Pb, Al, Cr, Mn, Fe, Ni, Cu, Zn, and As in edible crab, cod, and halibut (Hippoglossus hippoglossus) in the Mausund region between the years 2012-2015, and whether there were variations in element concentrations in crab, fish, and sediment between locations, of which one location was in the close proximation from a salmon fish farm.
The specific objectives of the study were (1) to compare the concentrations of toxic or essential elements in edible crab and halibut, caught at two different locations within the region, cod caught at five locations within the region, and sediment sampled at three locations within the region; (2) to investigate if the concentrations of any of the elements in the location close to the fish farm differed from that at the other locations; and (3) to establish whether there were between year (2012) (2013) (2014) (2015) variations in the concentrations of toxic or essential elements in edible crab, cod, and halibut in the region,
Materials and methods
During four consecutive years (2012) (2013) (2014) (2015) four classes of students taking the course BTechnology and Theory of Research 2^at Byåsen Upper Secondary School, Trondheim, conducted an annual research project (Marine Environmental Monitoring), designed to address the previously described aims. The samplings were conducted in the first half of September each year. The sampling region in the inshore Mausund area, covered approximately 50 km 2 (Table 1) . Edible crab, cod, and halibut were caught by the students under supervision in a total of five locations (each covering approximately 1 km 2 ). In addition, edible crabs and sediment were collected by teachers participating in a postgraduate course at the Norwegian University of Science (NTNU) in mid-October 2015.
Halibut and cod were caught using lines and cod traps, and crab using crab pots in the selected locations (Table 1) . Cod, halibut, and crab were kept in sea water and brought alive to Mausund fieldstation, and euthanized at the field station, prior to sampling of the tissues. The students followed standardized procedures to register sampling positions, and weight and length of the individual animals.
One gram (g) of fish fillet, obtained by a cut from the tissue between the gat and the dorsal fin, was sampled from each fish of cod as described for salmon, by Johnsen et al. (2011) and by a cut from the stomach area in front of the gat from each fish of halibut. From edible crab, 1 g of brown meat (hepatopancreas or hard roe) from each of the individuals was sampled. The samples were immediately frozen in 25 mL polystyrene cups. The samples were analyzed using inductively coupled plasma mass spectrometry (ICP-MS) at the Norwegian University of Science and Technology (NTNU).
Sixty-six edible crabs, fifty cods, and nine halibuts were caught at Mausund during 2012-2015 and samples of sediments were collected at locations 1, 2, and 3 in 2015 (Table 1) . Location 1 was close to a salmon farm and this issue will be discussed later.
At location 1, crab, cod, and halibut were caught each year during the period 2012-2015. At location 2, crab was caught in 2014 and 2015, and cod was caught in 2013 and 2014. At location 3, cod were caught in 2012. At location 4, cod were caught in 2013, while at location 5, cod and halibut were caught in 2014 (Table 1) . To establish if there were betweenyear variations in the concentrations of toxic or essensial elements in the animals in the region (Fig. 1) , the results from all the five locations were pooled.
Sediments
Samples of seabed sediments were collected in 2015 in locations 1-3 (Table 1) , using a small (0.1 m 2 ) van Veen grab. After retrieving the grab and emptying the contents carefully into a large polyethylene box, the sediments were inspected for the integrity of the surface material and the stratigraphy of the sediment. One of the sample materials, location 3, was sufficiently cohesive to be sliced into 1-cm-thick slices after inserting a transparent polyethylene tube with an internal diameter of 110 mm and cutting a cylinder through the entire thickness of the sediment sample. By pushing a piston upwards against the sample, slices of 1-cm thickness were cut using polyethylene skewers as the sediment cylinder emerged at the top of the tube. Each of the slices was put in separate zip-lock polyethylene bags, tagged, and stored at − 18°C. The samples from the two other locations were treated similarly, except for the slicing, since the samples from the other stations were bulk samples of the uppermost 6-7 cm of the sediments.
Following freeze drying of the eight samples, a slice of each was taken for Ultra Clave digestion of 300 mg using 50% HNO 3 (50/50 HNO 3 /water), and the solution was analyzed using ICP-MS for 59 elements, including the 15 elements B, Se, Cd, Sn, Cs, Hg, Pb, Al, Cr, Mn, Fe, Ni, Cu, Zn, and As. The principle of analysis used by inductively coupled plasma mass spectrometry (ICP-MS), element 2, as described by Bustnes et al. (2011) . The concentrations of the elements are presented on as microgram per gram dry weight (d.w.).
Statistical treatment
The data were skewed and not normally distributed (IBM SPSS Statistics, version 21). Thus, differences in element concentrations were tested between the locations for all 15 elements using the non-parametric analysis of variance (KruskalWallis test). For crab, cod, and halibut differences were tested using IBM SPSS Statistics, version 21, whereas for the sediment differences were tested using STATISTICA 6.0. For the between-year comparison of element concentrations in the animals, the results from all locations were pooled for every year, and ANOVA Kruskal-Wallis non-parametric test was used to test for between-year differences. Spearman's rankorder correlation was used to test if there were correlation between variables.
Results

Crab
Crabs were collected at locations 1 and 2 in Mausund, and the concentrations of the analyzed elements in edible crabs caught at these two locations during 2012-2015, is presented in Table 2 and Supporting Information (SI 1). The results from the pooled material, from all years, are listed in Table 3 .
The results showed that only the concentrations of Sn differed among the two locations 1 and 2, where location 1 was close to a salmon farm. As shown in Table 3 , there were significant differences in the concentrations of As, Cs, Mn, Se, and Zn in the pooled samples of the crabs between the years. Further tests showed that the As, Se, and Mn 
concentrations were significantly higher in 2014 and 2015 than in 2012 and 2013, and that the Cs and Zn concentrations were significantly higher in 2014 and 2015 than in 2012 (Table 3) . Thus, this indicates that there may have been a temporal increase in the concentrations of As, Cs, Mn, Se, and Zn during the 4-year period.
Cod
The concentrations of the analyzed elements in cod caught at location1, location 2, location 3, location 4, and location 5 in Mausund, 2012 Mausund, -2015 , are presented in SI 2 and SI 3. The results on the pooled material from all years, are listed in Table 4 . The results showed that only the concentrations of B and Pb differed among the five locations (SI 3). The concentrations of B and Pb in the location close to the fish farm were not elevated as compared some of the other locations (SI 3). As shown in Table 4 , there were significant differences for the concentrations of As, B, Cr, Cs, Hg, and Sn in the pooled samples between the years. Further tests showed that the As (Table 4 ). Correlation analysis showed that there were no temporal trends in the element concentrations from 2012 to 2015.
Halibut
A total of nine samples of halibut, from location 1 and location 5 (Table 1) , were analyzed during the 4-year period. The concentrations of the elements B, Se, Cd, Sn, Cs, Hg, Pb, Al, Cr, Mn, Fe, Ni, Cu, Zn, and As in fish filets of halibut are presented in Table 5 . The results showed that the mean ranks were not statistically different between the two locations for the elements B, Se, Cd, Sn, Cs, Hg, Pb, Al, Cr, Mn, Fe, Ni, Cu, Zn, and As (p < 0.05).
Sediments
A total of eight samples of sediment, from location 1, location 2, and location 3, were sampled in 2015.
The mean ranks were not statistically different between these three locations for any of the elements B, Se, Cd, Sn, Cs, Hg, Pb, Al, Cr, Mn, Fe, Ni, Cu, Zn, and As (Table 6 ).
Discussion
In countries where much seafood, such as edible crab and fish, is consumed, and where there is high salmon farming activity, studies has been conducted to monitor the environment of these species to investigate if they are exposed to contaminants, including toxic elements, and accumulate these to levels exceeding regulatory guidelines. High concentrations of Cd have been documented in brown meat in edible crabs in Norway (Falk 2014 ) and high levels of some trace metals have been reported in liver in wild saithe in the vicinity of Hitra Island, Norway, which is relatively close to the study area Mausund (Arechavala-Lopez et al. 2015) . The causes of these high concentrations have not been established.
In the present study, the toxic or essential elements, B, Se, Cd, Sn, Cs, Hg, Pb, Al, Cr, Mn, Fe, Ni, Cu, Zn, and As was analyzed in edible crab, cod, halibut, and sediment and the only element that differed between the location close to a fish farm (location 1) and the other locations was Sn, which was significantly higher in brown meat of the crabs from location 1 as compared to crabs from location 2. When considering that the between-location differences were tested for 15 elements, it is possible that this is a false positive finding. Nevertheless, it is possible that Sn may originate from organotin compounds, such as tributyltin (TBT). TBT has been used as a biocide in anti-fouling paint in marine vessels and constructions, including in fish farm installations (Berge et al. 2006 ). However, in Norway a ban of the use of TBT in fish farm constructions was introduced in 1989 (Berge et al. 2006) , and an international ban of the use of TBT on vessels were implemented in 2008 (Gippert 2009 ). Thus, since TBT has not been used in the fish farm industry since 1989, and we do not know the age or the history of the specific fish farm, it is not possible to conclude that the Sn originates from chemicals used in the fish farm industry. Furthermore, it should be noted that the concentrations of Sn were very low, and the actual concentration of Sn was only 0.001 μg g −1 d. w. higher in the crabs caught at the location close to the fish farm as compared to the other location. Since there were no differences among the other elements in the crabs, nor in cod, halibut or in the sediments, it is concluded that the proximity to the fish farm most likely did not affected the concentrations of the investigated elements in the investigated marine species or in the sediments.
In the region Mausund, there were between year (2012-2015) variations in some concentrations of toxic or essential elements in edible crab and cod, but no variation in halibut. There were significant differences between the years for the elements Se, Cs, Mn, Zn, and As in brown meat in crab and for the elements B, Sn, Cs, Hg, Cr, and As in cod and there may have been a temporal increase in the concentrations of As, Cs, Mn, Se, and Zn in the brown meat in crab during the 4-year period between years 2012-2015.
Crab
The results from the present study showed a significant difference between location 1 and location 2 (Table 2) for the element Sn. In crabs, there were significant differences between 2012 and 2015 in the pooled samples from these locations for the elements As, Cs, Se, and Mn (Table 3 ). There were high concentrations of the elements As, Cd, Cu, Fe, and Zn in some individuals, with an extremely high Cd concentration in brown meat at location 2 (Table 3) .
Due to the health risks associated with high concentrations (Norwegian Scientific Committee for Food Safety 2015), special attention devoted to the element Cd and to explain the high levels of Cd found in brown meat in some crab individuals (Falk 2014) . Juhlsham et al. (2012) conducted Norway's first (near) nationwide survey of heavy metal concentrations in edible crab. The study was spurred by the findings in 2010 and 2011 of widespread occurrence in claw meat of levels of Cd that exceeded the EU limit of 0.5 μg g −1 w.w. (Falk 2012; Finne 2013) . In that particular study, ten crabs were caught and analyzed individually from each of 47 locations along the coast. Within one area, the crabs in the majority of investigated locations had higher levels of Cd than the EU limit, namely Salten, a district in Nordland county in Norway (Juhlsham et al. 2012) . The variation of the Cd concentration within locations in the high-Cd region in Salten, was remarkably stable, indicating that the Cd-input to the region was most likely waterborne (dissolved or by microorganisms); whereas it could be argued that greater variability between individuals from the same location would indicate a source of more local character (Juhlsham et al. 2012) . Since the results in the present study are given on a dry weight basis, it is not possible to assess whether or not the Table 4 Concentrations (μg g −1 dry weight) of B, Se, Cd, Sn, Cs, Hg, Pb, Al, Cr, Mn, Fe, Ni, Cu, Zn, and As in fish filets of cod (Gadus morhua concentrations of Cd in the brown meat exceeded the EU limit of 0.5 μg g −1 w.w. Cd in claw meat of edible crabs.
The results from the present study show relatively large variations in the element concentrations between individuals from the same geographic region (i.e., Mausund). This may be related to the nomadic behavior of edible crabs, Bennett and Brown (1983) found that inshore, 90% of males and 76% of females were recaptured within 18 km. Thus, it is possible the uptake and accumulation of the elements in the crabs does not represent background levels in their diet at the locations where they were caught. It is possible that the knowledge of the local fishermen on the seasonal nomadic movement and pattern of the crabs may assist in understanding the variations of the element concentrations among the individual crabs in the region (Rosa et al. 2014) .
Although it is possible that the cause of the relatively high concentrations of the elements As, Cd, Cu, Fe, and Zn (Table 3) could originate from long-distance transport of pollutants (European Commission DG Environment 2000), natural sources, or local pollution, could also be the origin of these relatively high concentrations in the crabs.
The Norwegian Food Safety Authority has not set a limit for As, Cu, Fe, Zn, or Cd in brown meat, and consumers are recommended to follow the consumption advice given by the Norwegian Scientific Committee for Food Safety (2015) , related to Cd exposure from crabs. This recommendation is that adults can eat approximately one whole crab or two filled crab shells per month. Based on the high concentrations of Cd reported in brown meat of several individual edible crabs caught at location 2, we recommend that further investigations on Cd concentrations in sediments and biota should be conducted in a specific region close to location 2 that have depth of 100 m. It is possible that crabs may have seasonal migrations to this deep-water region and thus being exposed to high Cd levels in the prey in this particular location.
Since the crab fisheries in the region, according to the local fishermen, appear to be stable and thus most likely sustainable, the concentrations of the elements in brown meat in edible crabs in the present study, most reflect normal physiological concentrations for the essential elements Cu, Fe, and Zn.
Cod
In cod, there were significant differences between 2012 and 2015 for the elements As, B, Cr, Cs, Hg, and Sn and there were significant differences between locations for the elements B and Pb (Table 4) .
The Norwegian Food Safety Authority has set a limit for Hg, Cd, and Pb in fish-fillet. The limit for Hg is 0.5 mg/kg (w.w.), the limit for Cd is 0.05 mg/kg (w.w), and the limit for Pb is 0.3 mg/kg (w.w). However, since the results in the present study are given on a dry weight basis, it is not possible to assess whether or not the concentrations of Cd and Pb in the cod filets exceeded these limits. The concentrations of some other elements in the present study (Table 5 ) may reflect the variation in normal physiology for the essential elements Cu, Fe, and Zn.
Halibut
There were no significant differences between location 1 and location 5, or between years, for toxic or essential elements in halibut. The Norwegian Food Safety Authority has set a limit for Hg, Cd, and Pb in fish-fillet. The limit for Hg is 0.5 mg/kg (w.w.), the limit for Cd is 0.05 mg/kg (w.w), and the limit for Pb is 0.3 mg/kg (w.w).
Sediments
In 2008 and 2014, NGU sampled sediments from 222 points within an area of 429 km 2 , including the approximately 50 km 2 studied in the present study. The bedrock in Frøya municipality has been mapped as granite or granodioritic gneiss, rock types that mainly consist of quartz and feldspar minerals containing 12-30 μg g −1 Pb (Nordgulen et al. 1990 ).
Chemical analysis of five rock cores by XRF yielded values for the total content of Pb similar to those reported by Nordgulen et al. (1990) , whereas analysis of HNO 3 -extracts of the cores showed concentrations of Pb between < 5 and 7 μg g −1 (Slagstad 2014) . This indicates that most of the lead is located in the silicate lattice of the feldspar minerals, and that it is not bioavailable. The Cd concentration in the same rock cores was below 1 μg g −1 . Neither Nordgulen et al. (1990) nor Slagstad (2014) reported concentrations of Hg in 
Conclusion
Comparing the concentrations of toxic or essential elements in edible crab and halibut, caught at two different locations within the region, cod caught at five locations within the region and sediment sampled at three locations within the region, showed that except for the concentrations of Sn in brown meat in crab and B and Pb in cod, there appeared to be no difference between the location close to a fish farm and the other locations.
The study showed elevated levels of Cd in edible crabs in 2012, 2013, 2014, and 2015 , with the highest levels in 2015, but there were relatively large variations in the Cd concentrations between individuals in the same geographic area. When all data were pooled, the mean ranks statistics showed significant difference between all years and there may also have been a temporal increase in the concentrations for the elements Se, Cs, Mn, Zn, and As in brown meat in edible crab. There should be a special attention to the toxic element As. There is significant difference between years and high values. As , Cd , and Pb concentrations in the sediments in this study indicate that local geogenic sources cannot be considered a major cause of high concentrations in local biota. Other sources could be local human pollution or long-distance pollution following the ocean currents.
